The following report summarizes the work performed and results obtained during the third year of a three year funded proposal for DOWBES. The major thrust of this work over the three year period has been the continued examination and characterization of oils and source rocks primarily collected from the Anadarko Basin. In the earlier parts of this study we concentrated mainly on the characterisation of oils and source rocks from the Pauls Valley area in the Anadarko Basin. It was concluded from that study that the majority of oils in that part of the Basin were sourced predominantly from the Woodford Shale w i t h a smaller number of the oils being sourced and reservoired in the Viola Formation. In addition to that aspect of the work considerable time has been directed at understanding the effects of biode,gadation by examining various oil seeps and tar sand samples in the Sulfur region of the Basin. The effects of weathering on the samples of the Woodford Shale has also been extensively studied and the -results of both the biodegradation and weathering studies have already been published or are in press (see attached publication list).
For the past year our efforts have been concentrated on the examination of other potential source formations in the Anadarko Basin. Initially 200 samples were collected from the Viola, Sylvan, Springer and Morrow formations and screened by Rock Eval pyrolysis and TOC determination. The Viola and Sylvan are Ordovician and the Morrow and Springer are Pennsylvanian age and this provides us with the opportunity to study two formations that are older than Woodford and two that are younger. Attempts were also made to to obtain these samples from over as wide an area as possible throughout the Basin (Fig. 1) .
From the 200 samples initially screened by Rock-Eval pyrolysis, 80 were subsequently
The more detailed charactexintion has selected for more detailed geochemical analyses. 1 included extraction, fractionation, analysis of the fractions by GC and GCMS and isotopic determination of the individual fractions. The insoluble residues are being characterized petrographically and by various pyrolysis techniques. Petrographic characterization is being performed with the assistance of Brian Cardott from the Oklahoma Geological Survey. The study forms the main part of the thesis project for one of my Ph.D. students and the initial stages of data collection are nearing completion. It is anticipated that further processing of data plus additional data acquisition will take at least another year. Some of the data that has already been obtained on these samples are summazlzed . in Tables 1-5 . Examples of some of the GCMS data already acquired are shown in Figs. 2-6. In March of this year a new postdoctoral fellow joined us from the University of Aberdeen, Dr. Mahaboob Alam. He will be responsible for the day to day supervision of the program and I will assist him in this matter as necessary. Dr. Alam will work closely with the Ph.D. student on the project concerned with the source rocks as described above. In addition he has started to collect a number of oils covering a much wider region of the basin than we had previously examined. In particular we are trying to extend our coverage to the western and northern parts of the basin. In addition to the oils we have already in our collection we have just obtained an additional 40 oils from the USGS and Dr. Alarn has already started to fractionate and analyses these oils. Obviously one of the. aims of this part of the study is to extend the range of oiVsource rock conelations into other parts of the basin, and to try and determine what contribution, if any, these other source formations are really making to the oils in the basin. One of the longer term goals of this study has always been to ultimately incorporate the geochemical data into a model for the generation of oil in this basin. Although 2 we are still someway from that goal, obviously the analyses of these additional samples will continue to bring us closer to the achievement of this goal.
In addition to the major thrust of this project as described above, we have continued with associated research in a number of related areas. Perhaps the most interesting of these has grown out of a project initially funded by NSF to study high molecular weight biomarkers (> CM). We have collected and examined a number of waxes present in many of the pipelines and drill pipes of wells in the Anadarko Basin. These waxes were examined by GC and GCMS and found to contain hydrocarbons in &on number up to at least Grn and probably higher.
Interestingly enough the more specific biomarker compositions for the wax and their corresponding oils were identical. It is suggested that what is happening is that the wax is dissolved in the oil whilst in the reservoir. However as it is produced and the pressure and temperature are reduced, the waxes precipitate and do not actually reach the collection tanks.
This observation of course is extremely important for a wide variety of reasons. Firstly what this is telling us is that the oil at the well head is not necessarily the Same as the oil in the reservoir which could be important for enhanced oil recovery studies. To study this further we are currently negotiating -kith Texaco to obtain "fresh" reservoir cores from which we can actually extract the in-situ oil. A direct comparison can then be made between produced oil and oil in-place in a reservoir. We have also undertaken a number of in-situ maturation studies to investigate possible formation methods for these high molecular weight compounds and anticipate that this work will continue next year. Although initially the basic part of this search for higher molecular weight biomarkers was supported by NSF it is clear from the initial results that we are in a good position to use some of these results for our more applied research in the
Anadarko Basin.
In a more basic part of the program we have also spent some time investigating alternative extraction methods for bitumens from source rocks or other organic rich samples.
In conjunction with a company called ISCO we have investigated the use of Super Critical Fluid Extraction (SFE) procedures for this purpose. The aim of the study was to subject source rock samples from the Anadarko Basin to extraction using both conventional Soxhlet extractors and SFE with CO, and various additives. Comparisons are being made to examine any variability that may have resulted in the biomarkr distributions from these different processes. It is not possible to make a direct quantitative comparison for the simple reason the SFE with CO, alone does not extract the more polar components. Instead it extracts a relatively "clean" mixture of saturates and aromatics that can be analysed directly by GC and GC-MS. We have found that increasing the polarity of the C Q by the addition of methanol permits the exmction of the more polar components. Although work on this project is continuing, our results are extremely encouraging. It is felt that SFE provides a rapid and cheap alternative method for extracting source rocks. No solvents are involved and extractions are complete in approximately 10 minutes. The products are relatively clean, contain no-polar or asphhtenes and can be analysed directly. To date the products obtained by SFE in terms of hydrocarbons are Virtually identical to those obtained by soxhlet extraction. This development work will continue and it is hoped that we may soon be able to have access to a chromatograph which will enable us to evaluate the use of supercritial fluid chromatographs (SFC) for analytical purposes, particularly of high molecular weight components.
Finally we have continued with our efforts to develop and improve methods for the 4 analysis of biomarkers using MSMS and associated ancillary techniques. We have, during the course of the past two years, published several papers on these techniques and will not discuss then again in any more detail at this point. However it is anticipated that we will continue the aspect of this work particularly with regards to developing MSMS methods for analysing high molecular weight biomarkers analysed using the direct insertion probe. In addition we have also continued with our characterization of kerogens, asphaltenes and NSO-fiactions by various pyrolysis approaches. Once again much of this work whilst extremely useful has become fairly routine and does not wvrant a lengthy description here. We routinely analyse all of our insoluble residues by py-GC and determine hydrocarbons, organosulphur and organonitrogen compounds. Selected samples are then examined by py-GCMS using the PYRAN system purchased two years ago with the assistance of the DOE University Instnrmentation Pro, =.
Summary
This report is for the final year of a three-year funded project. A new proposal has been submitted and it is hoped that funding will continue for another three years. It is felt that good progress is being made with our work on studying the oils and source rocks in the Anadarko Basin. Furthermore a number of associated projects have evolved during this period which have also produced many useful results and various analytical methods have been developed. In Appedix I lists of students totally or partially supported by this work plus various publications are given. It is hoped that these will testify to our productiety arising from the DOE support over the past few years. 
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